Density (ρ), viscosity (η), ultrasonic speed (U), and thermo-acoustical parameters such as specific acoustical impedance (Z), adiabatic compressibility ( a ), internal pressure (π), free volume (V f ), inter molecular free path length (L f ), Van der Waals constant (b), viscous relaxation time (), classical absorption coefficient (α/f 2 ) cl , Rao's molar sound function (R m ), solvation number (S n ), Gibbs free energy of activation (ΔG*), enthalpy of activation (ΔH*) and entropy of activation (ΔS*) of biologically active 1,1'-bis(3-methyl-4-carboxyethylphenoxy)cyclohexane (BMCPC) in 1,4-dioxane (DO), ethyl acetate (EA), tetrahydrofuran (THF) have been studied at four different temperatures: 298, 303, 308 and 313 K to understand the molecular interactions in the solutions. A good to excellent correlation between a given parameter and concentration is observed at all temperatures and solvent systems studied. Linear increase or decrease [except (α/f 2 ) cl ] of acoustical parameters with concentration and temperature indicated the existence of strong molecular interactions. ΔG* decreased linearly with increasing concentration and temperature in DO and EA systems and increased with temperature in THF system. ΔH* and ΔS* are found practically concentration independent in case of DO and EA system but both are found concentration dependent in THF system
INTRODUCTION
''Ultrasonic sound'' refers to sound waves of such a high frequency that they cannot be heard. These waves are also known as silent sound waves having frequencies beyond the range of human hearing i.e. above 20 KHz (20,000 cycles per second). These waves are also part of a characterization technique of a fluid. A fluid can be defined as a substance that deforms continuously under the action of a shear stress of any amount. Fluid properties can be characterized by variables such as pressure, velocity, density, and temperature. These properties will form a continuous function of position/time and therefore the fluid can be treated as a continuum. Ultrasonic sound is a viable technology because it is readily available and can be used for wide range of applications in different fields including consumer industries, pharmaceutical industries, medical field, process industries and chemical industries etc [1] [2] [3] [4] .
Recently ultrasonic sound radiations are used in synthetic organic chemistry, which cause a decrease of reaction time, increase of yield, lower reaction temperature, and avoidance of phase transfer catalysis [5] [6] [7] . Further ultrasonic sound velocity measurements have been used to study the nature of molecular interactions in various liquid mixtures and solution of organic and inorganic compounds [8] [9] [10] , solutions of polymers [11, 12] , pharma materials [13, 14] and ionic interactions in electrolytes solutions [15, 16] .
To the best of our knowledge no work has been reported on ultrasonic speed and related acoustical parameters of biologically active 1,1'-bis(3-methyl-4-carboxyethylphenoxy) cyclohexane (BMCPC) (Figure 1 ). In present work we have reported measurement of density, viscosity, ultrasonic speed and related thermo-acoustical parameters of biologically active 1, 1'-bis(3-methyl-4-carboxyethylphenoxy) cyclohexane in 1, 4-dioxane (DO), ethyl acetate (EA), tetrahydrofuran (THF) solutions (0.01 to 0.1 M) at four different temperatures: 298, 303, 308 and 313 K. The derived parameters are correlated with concentration in different solvents and at different temperatures.
EXPERIMENTAL DETAILS

Materials
1,1'-Bis(3-methyl-4-carboxyethylphenoxy) cyclohexane (BMCPC) used in this study was synthesized and crystallized according to our recent publication [17] . 1, 4-Dioxane (DO), ethyl acetate (EA) and tetrahydrofuran (THF) were supplied by Spectrochem Pvt. Ltd. Mumbai and were purified according to literature methods [18] . The density (ρ), viscosity (η) and ultrasonic speed (U) of pure solvents were compared with the literature values [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] and are shown in Table 1 .
Measurements
0.1 M fresh stock solutions of 1,1'-bis(3-methyl-4-carboxyethylphenoxy)cyclohexane (BMCPC) was prepared in DO, EA and THF at room temperature. From the stock solutions a series of dilute solutions ranging from 0.1 to 0.01 M were prepared and thermally equilibrated at specified temperatures prior to density, viscosity and ultrasonic speed measurements. The  and U measurements were carried out on a Density and Sound Velocity Meter (DSA-5000 M) supplied by Anton Paar, Gmbh, Graz, Austria. The repeatability in density, ultrasonic speed, and temperature measurements were ± 1·10 −6 kg·m −3 , ± 1·10 −1 m·s −1 , and ± 1·10 −3 K, respectively. The standard uncertainties for the density, ultrasonic speed, and temperatures were better than 2.9·10 −2 kg·m −3 , 1.3·10 −1 m·s −1 , and 1·10 −2 K, respectively. The calibration of DSA-5000 was done over a temperature range from 25-40 °C. DSA-5000 was thermostated within ±0.002 °C with Peltier heating device. Viscometric measurements were carried out by using Ubbelohde type viscometer. The repeatability in the viscosity measurements was ± 0.1 %. The viscosity measurements were repeated at least three times for each sample. A constant temperature bath (Nova Instruments, Ahmedabad, Model NV8550E) with an accuracy of ±0.1 K was used for maintaining constant temperature during viscosity measurements. The flow times of pure solvents and solutions were measured with a digital RACER HS 10W stop watch with an accuracy of ±0.01 s. The solutions were prepared by mass using an analytical balance (AB 204-S; Mettler Toledo, Switzerland) with an uncertainty of ± 1•10 -4 kg.
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Data processing
Various acoustical and thermodynamic parameters were determined according to following theoretical equations:
Specific acoustical impedance (Z):
ZU 
Adiabatic compressibility ( a ):
Internal pressure (π) [30] : 
Where M is the apparent molecular weight of the solution, R is the gas constant and T is the absolute temperature.
Viscous relaxation time () :
The resistance offered by viscous force in the flow of sound wave appears as a classical absorption associated with it is the viscous relaxation time:
International Letters of Chemistry, Physics and Astronomy Vol. 47 3
Rao's molar sound function [34] :
Solvation number (S n ):
The number of grams of solvent connected in the apparent solvation of 1 g of solute assuming the solvent molecules participating in the solvation are effectively incompressible due to strong localized electronic fields is expressed as:
Where X is the number of grams of solute in 100 g of the solution. The solvation number (S n ) can be expressed as:
Where M 1 and M 2 are the molecular weights of solvent and solute, respectively.
Thermodynamic parameters: Free energy of activation (ΔG*), enthalpy of activation (ΔH*) and entropy of activation (ΔS*) can be determined by using viscous relaxation time data at different concentrations and temperatures:
Where k is the Boltzmann constant and h is the Planck's constant.
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RESULTS AND DISCUSSION
Density, viscosity and ultrasonic speed
Experimentally derived quantities such as ρ, η and U of pure solvents: DO, EA, THF and BMCPC solutions at four different temperatures: 298, 303, 308 and 313 K are presented in Table 2 . The densities of BMCPC solutions increased linearly with concentration (C) and decreased linearly with temperature because of rule of additivity indicating that the density of BMCPC is greater than those of solvents used in the present study. Both η and U of BMCPC solutions increased linearly with C and decreased with T. The ρ, η and U data were correlated with C and T, and excellent correlation of these parameters with C and T is found (regression coefficient R 2 0.9914-0.999). The variation of η and U with C and T are considerably more than that of ρ due to specific solvent and solute interactions. The nature of solvent and the solute play an important role on molecular interactions such as association, dissociation, Hbonding, etc. occurring in the solutions. Strong intermolecular H-bond formation is expected in THF system as compared to EA and DO. Thus, THF has more solvating tendency than EA and DO. Solvation causes change in apparent molecular mass and volume of the compound and hence change in density, viscosity and ultrasonic speed.
Various acoustical and thermodynamic parameters such as specific acoustical impedance (Z), adiabatic compressibility ( a ), internal pressure (π), free volume (V f ), inter molecular free path length (L f ), Van der Waals constant (b), viscous relaxation time (), classical absorption coefficient (α/f 2 ) cl , Rao's molar sound function (R m ), solvation number (S n ), Gibbs free energy of activation (ΔG*), enthalpy of activation (ΔH*) and entropy of activation (ΔS*) of BMCPC solutions were derived according to above mentioned theoretical relations and were correlated with C and T. The least-squares equations along with regression coefficients (R 2 ) are reported in Tables 3-5 from which it is observed that excellent correlation between a given parameter and concentration of BMCPC is found at different temperatures.
Both U and Z increased with C and decreased with T due to strong molecular interactions.  a of solutions is decreased with C and increased with T in all solvents. This can be attributed to the fact that the solvated molecules were fully compressed by the electrical forces of the solute. The strong solvent-solute interactions lead to compressibility. Variation of U in the solution depends upon intermolecular free path length. Due to molecular association (solvent-solute interactions) compressibility of the solution is decreased with the increasing solute concentration. Inter molecular free path length is inversely proportional to ultrasonic speed. It was observed from the results that L f decreased with C and increased with T further supported the presence of strong molecular interactions. The presence of solventsolute interactions can also be confirmed from dispersion of ultrasonic speed, which is characterized by relaxation process. According to Eyring rate theory  is inversely proportional to temperature and hence, increased in the temperature of system caused to decrease in relaxation process.  is decreased with C and T. R m and b increased with C and T indicated that no complex formation taken place in all the systems. The internal pressure (π) decreased with C and increased with T. The results of π also confirmed our observations for  a and L f . The internal pressure (π) decreased with C and increased with T. The results of π also confirmed our observation for  a and L f, which are are temperature dependent. The internal pressure depends on temperature, density, ultrasonic speed and specific heat at a Solvation phenomenon results into modification of the structure of the solution. The plots of S n against C for BMCPC at different temperatures are presented in Figures 2-4 from which it is observed that S n increased nonlinearly with C and decreased with T indicating competing solvent-solute and solute-solute interactions in the solutions. Thus, S n values also supported stronger molecular interactions. Minimum solvation is observed in case of DO system. The lone pairs of electrons of THF, DO, ester group of EA interact with ether, ester and methyl groups of BMCPC and structural modification takes place in the solutions. Due to the structural modification both apparent molecular mass and molecular volume found to change and consequently the density, viscosity and ultrasonic speed in the solutions also changed.
When ultrasonic waves are incident on the solution, the molecules get perturbed. Since the medium has some elasticity and hence perturbed molecules regain their equilibrium positions. When a solute is added to a solvent, its molecules attract certain solvent molecules toward them. The phenomenon is known as compression and also as limiting compressibility. The aggregation of solvent molecules around solute molecules supports strong solvent-solute interactions and considerable change in structural arrangement. Molecular interactions such as solvent-solute interactions, quantum mechanical dispersive forces and dielectric force may cause high degree of contraction or expansion. The time lag between the excitation and deexcitation processes is observed as an acoustical relaxation. This relaxation process is observed as either an increase in speed with frequency or a decrease in the (α/f 2 )cl with frequency.
Increasing temperature has two opposite effects namely structure formation (intermolecular association) and structure destruction. The structure forming tendency is primarily due to solvent-solute interactions, while destruction of structure formed previously is due to thermal fluctuations. When thermal energy is greater than that of interaction energy, it causes destruction of the structure formed previously [11, 12] . Dipole-dipole interactions of the opposite type favours structure formation, while of the same type favour structure breaking tendency. The decreasing cohesive forces lead to increasing free length and free volume of the system. Thermodynamic parameters such as ΔG*, ΔH* and ΔS* were determined according to Eqns. 12 and 13 using viscous relaxation time data as a function of concentration and temperature are shown in Table 6 . In DO system, ΔG* decreased with increasing C (R 2 0.993-0.998) and T, while both ΔH* and ΔS* are found practically concentration independent. In EA and THF systems, ΔG* decreased linearly with increasing C (R 2 0.990-0.999) and increased linearly with increasing T, In EA system it remained practically constant with increasing C. In THF system both ΔH* and ΔS* are found concentration dependent. Derived thermodynamic parameters indicated that condensation and evaporation processes are concentration and temperature dependent. The negative values of ΔH* and ΔS* indicated that activated complexes are highly in ordered state, i.e. condensation process is predominant over evaporation process, which is further supported by positive values of S n with C. Thus, thermodynamic parameters supported presence of strong molecular interactions occurring in the solutions of different polarity 6 ILCPA Volume 47 
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CONCLUSIONS
Excellent correlation between studied acoustical and thermodynamic parameters with concentration and temperature was observed. Derived acoustical and thermodynamic parameters confirmed existence of strong molecular interactions in the solutions. ΔG* is decreased with increasing concentration of BMCPC in all the system studied. ΔH* and ΔS* are found concentration independent in DO and EA but they are concentration dependent in THF system.
